Preparation of azobenzene-containing liquid-crystalline elastomer films. Figure S1. Chemical structures of compounds used in this study.
Figure S2. Preparation of azobenzene-containing liquid-crystalline elastomer films by a twostep method.
Evaluation of the molecular alignment. Figure S3a shows the polarized optical micrographs of azobenzene-containing liquidcrystalline elastomer films. Bright and dark images were subsequently observed when the film was imaged between crossed polarizers and rotated by 45º. The homogeneous molecular alignment was further confirmed by polarized UV-Vis absorption spectroscopy ( Fig. S3b) , from which we deduced that the side chains are preferentially aligned along the elongation direction, with an order parameter of 0.51. Figure S3 . Evaluation of the molecular alignment in the film. a, Polarized optical micrographs of azobenzene-containing liquid-crystalline elastomer films after elongation. b, Polarized absorption spectra after the elongation. A ll and A⊥ denote the absorption parallel and perpendicular to the elongated direction, respectively. The film thickness was 300 µm.
Recording of gratings on surface of the films.
We recorded gratings by trans-cis photoisomerization of azobenzene and the resultant orderdisorder change in the molecular alignment upon UV irradiation. The unidirectionally-aligned azobenzene-containing liquid-crystalline elastomer films were labelled with a grating using a photomask with 4 µm grating period. The grating vector of the photomask was set parallel to the molecular alignment direction of the films, and a periodic structure was recorded only in the surface region of the films by irradiation with UV light through a photomask for 5 min. The depth of the periodic structure was confirmed by polarized optical micrograph to be 25 µm (Fig. S4) . The radiation wavelength and intensity were 366 nm and 10 mW/cm 2 , respectively. Figure S6 shows a method for manufacturing a bilayer film. For single-layer films, the glass cell was set with 500 µm thick spacers between the glass substrate and a silicon substrate. The surface relief grating had 8 µm periodicity which was prepared by photolithography. A mixture of Sylpot and catalyst (10:1 (w/w) for soft film and 5:1 (w/w) for hard film) was inserted into the cell by capillary force to bake for 2 h at 75 ºC. A free-standing PDMS film was obtained by removing the film from the substrates. For bilayer films, a hard PDMS film with a 100 µm thickness was first prepared by the above-mentioned method. After removal of the glass substrate, another glass substrate was set with the 500 µm thick spacers, and a soft PDMS film was prepared on the hard PDMS film to result in a bilayer PDMS film with a total thickness of 500 µm. Figure S8 shows surface strain measurements of PEN film by means of the soft single-layer PDMS grating label with a thickness of 100 µm. The PDMS label is put on the surface of the PEN film so that the grating is attached with the PEN surface; this allows surface-specific strain evaluation (Fig. S8a) . With bending of the film by a mechanical stress (Fig. S8b) , the first-order diffraction angle of the probe beam shifted depending on the applied strain (Fig. S8a, c) . The PDMS Commun. 12, 717 -726 (1991) .
